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Background: The link between intelligence in youth and all-causemortality in later-life iswell established. To bet-
ter understand this relationship, the current study examines the links between pre-morbid intelligence and a
number of speciﬁc health outcomes at age 50 using the NLSY-1979 cohort.
Methods: Participants were the 5793 participants in the NLSY-79 who responded to questions about health out-
comes at age 50. Sixteen health outcomes were examined: two were summary measures (physical health and
functional limitation), 9 were diagnosed illness conditions, 4 were self-reported conditions, and one was a mea-
sure of general health status. Linear and logistic regressions were used, as appropriate, to examine the relation-
ship between intelligence in youth and the health outcomes. Age, sex and both childhood and adult SES, and its
sub-components – income, education, & occupational prestige – are all adjusted for separately.
Results & conclusion: Higher pre-morbid intelligence is linked with better physical health at age 50, and a lower
risk for a number of chronic health conditions. For example, a 1 SD higher score in IQwas signiﬁcantly associated
with increased odds of having good, very good, or excellent health, with an odds ratio of 1.70 (C.I. 1.55–1.86).
Thirteen of the illness outcomes were signiﬁcantly and negatively associated with IQ in youth; the odds ratios
ranged from 0.85 for diabetes/high blood sugar to 0.65 for stroke, per one standard deviation higher score in
IQ. Adjustment for childhood SES led to little attenuation but adult SES partially mediated the relationship for
a number of conditions. Mediation by adult SES was not consistently explained by any one of its
components—income, education, and occupation status. The current ﬁndings contribute to our understanding
of lower intelligence as a risk factor for poor health and how this may contribute to health inequalities.© 2015 Published by Elsevier Inc.1. Introduction
The initial ﬁndings of the ﬁeld that has come to be known as cogni-
tive epidemiology established a link between intelligence in youth and
all-cause-mortality, with lower intelligence being linked with higher
mortality risk (O'Toole & Stankov, 1992; Whalley & Deary, 2001;
Calvin et al., 2011; Deary, Weiss, & Batty, 2010). Gottfredson (2004)
suggested that individual differences in intelligence might help explain
social inequalities in health. In order to better understand the relation-
ship between intelligence and mortality rates, efforts have been made
to map out the etiological processes underlying this association.
Focusing on cause-speciﬁc mortality might help to elucidate the po-
tential mechanisms underlying the link between intelligence and all-
cause-mortality by highlighting those diseases that have a stronger or
weaker relationship with intelligence. For example, a consistent associ-
ation between pre-morbid intelligence and mortality from coronary
heart disease (CHD) has been found (Kajantie et al., 2012; Lawlor,
David Batty, Clark, McIntyre, & Leon, 2008; Batty, Mortensen, NyboAnderssen, & Osler, 2005; Silventoinen, Modig-wennerstad, & Tynelius,
2007; Hart et al., 2004; Batty, Shipley, Gale, Mortensen, & Deary, 2008b;
Deary, Whiteman, Starr, Whalley, & Fox, 2004; Hemmingsson, Melin,
Allebeck, & Lundberg, 2006; Ariansen et al., 2014). On the other hand,
studies testing for a link between intelligence and mortality due to can-
cer have had mixed ﬁndings (Batty et al., 2009; Batty et al., 2007c,
2007d; Hart, Taylor, Smith, Whalley, Starr, Hole, Wilson, & Deary,
2003; Hemmingsson et al., 2006).
Beyond themajor causes of death, studies of intelligence in youth in
relation to cause speciﬁc mortality are often hampered by low numbers
of deaths. In addition, many, if not most such studies rely on linkage to
death registers andmayhave little or no informationon intervening fac-
tors. Hence there is a need for studies of intelligence andmorbidity, both
in general and for speciﬁc conditions. Such studies may reinforce ﬁnd-
ings frommortality studies—e.g., ﬁnding that there is an association be-
tween lower intelligence in youth and risk of developing non-fatal
disease, as has been shown in the case of cardiovascular disease
(Deary et al., 2004; Hemmingsson et al., 2006) and coronary heart
disease (Hart et al., 2004). They may also shed light on the relation be-
tween intelligence and conditions, syndromes and symptoms beyond
themajor causes of mortality. Studies of morbiditymay also have richer
information on potential confounding and mediating factors.
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Deary (2009) studied the associations between IQ in youth and a num-
ber of health conditions at 40 years of age. Their study was based on a
sample of 7476 adults from the US National Longitudinal Survey of
Youth, 1979 cohort (NLSY-79). Summarizing some of the key ﬁndings,
they found that higher IQ was associated with a reduced chance
of being diagnosed with heart problems, hypertension, diabetes,
arthritis/rheumatism and chronic lung disease at age 40, and better
overall physical and mental health. Controlling for childhood SES had
little attenuating effect on these relationships.
The Der et al. (2009) study was informative but there are a number
of ways inwhich it could be improved. For instance, both childhood and
adulthood SES are associated with health inequalities (Wilkinson &
Marmot, 2003) and intelligence (Lubinski, 2009; McLoyd, 1998);
both should be included when examining the association between
intelligence in youth and later health outcomes. It is thought that
adult SES may mediate the association between cognitive ability and
health outcomes to varying degrees, and childhood SES may partially
confound it, though evidence to date suggests that the extent to
which it confounds the association is slight; a systematic review found
that adjustment for adult SES attenuated the relationship between
childhood IQ and all-cause-mortality by 33.5% but adjustment for
childhood SES only attenuated it by 4% (Calvin et al., 2011). Other
studies in the ﬁeld have also found that adult SES has a greater attenu-
ating effect than childhood SES does on the relationship between
intelligence in youth and health outcomes later in life (Hemmingsson
et al., 2006; Jokela, Batty, Deary, Gale, & Kivimäki, 2009), though the in-
terpretation of this attenuation is still uncertain (Deary, Weiss, & Batty,
2010).
Whereas SES is often represented by a compound index, as it is in
the present study, it is also potentially informative to examine
individually the impact of its components – education, income, and
occupation status – on the relationship between childhood intelligence
and later health. A link between higher childhood intelligence
and greater educational attainment has been found both in general
(Jencks, 1979; Deary, Strand, Smith, & Fernandes, 2007) and in this
speciﬁc cohort (Herrnstein & Murray, 1998). Controlling for educa-
tion has been found to have a greater attenuating effect on the re-
lationship between childhood IQ and all-cause mortality than
controlling for childhood and adulthood SES (Calvin et al., 2011). Posi-
tive associations between intelligence and income (Zagorsky, 2007)
and between intelligence and occupational class (Schmidt & Hunter,
2004) have also been found, and both of these are also inversely associ-
ated with health (Marmot, 2002; Marmot et al., 1991; Weiss, Gale,
Batty, & Deary, 2009).
The NLSY-79 cohort that was used in the age-40 study by Der et al.
(2009) has now been followed up at age 50 and they have completed
a health survey. Health information recorded at age 50 has a
number of advantages over that collected at age 40. The respondents
will be more likely to have chronic health conditions (D Kuh, Ben-
Shlomo, Lynch, Hallqvist, & Power, 2003). The health survey used
at age 50 contains a greater proportion of diagnosed health
conditions and well-established health scales which have strong
reliability and validity (Ware, Kosinski, & Keller, 1996), whereas the
majority of questions in the 40+ health module were self-reported
conditions.
The aims of the present study are: substantially to expand upon the
ﬁndings from the study by Der, Batty, & Deary on intelligence in youth
and health outcomes at age 40 (2009) by: investigating the relationship
between intelligence in young adulthood and physical health at age 50;
and testing the extent to which any associations are explained by child-
hood SES, adult SES and its three components (education, income, and
occupation status). It is hypothesized that higher IQ in youth will be as-
sociated with better physical health and functioning at age 50 and will
also be associated with lower rates of a number of diagnosed and self-
reported physical health outcomes. Childhood SES, adult SES, education,income, and occupation status are hypothesized to attenuate the ob-
served effects to varying degrees. More speciﬁcally, it is hypothesized
that adult SES will have a greater attenuating effect on the relationship
between intelligence and health outcomes than childhood SES. It is hy-
pothesized that education, on its own, may lead to more attenuation
than either income or occupation status.
2. Methods
2.1. Participants
This study was based on data from the National Longitudinal Study
of Youth 1979 (NLSY-79). The initial sample was representative of
non-institutionalized young people who lived in the United States. It
was a random household sample and consisted of 12,686 individuals
aged 14–21 years on the 31st of December 1978. There were 6283
males (50%) and 6403 females (50%), and 16% were Hispanic/Latino,
25% were Black, and 59% were non-Black & non-Hispanic.
TheNLSY-79 survey collected information on a variety of topics such
as health, education, achievement tests, employment and attitudes. The
initial interview for NLSY-79 took place in 1979 (Bureau of Labor
Statistics & U. S. D. of L., n.d.). The respondents were re-interviewed an-
nually until 1994 and biennially thereafter. The most recent data avail-
able derive from the 2012 survey. It had a 57.5% retention rate from the
initial sample and consisted of a total of 7301 individuals, with 48%
males. The respondents were between 47 and 56 years of age (Bureau
of Labor Statistics & U. S. D. of L., n.d.).
The 50+ health module was used in the present study. The data
in this module were collected over three waves in the 2008, 2010,
and 2012. Respondents completed this module when they were approx-
imately 50 years old (range 49–55). In total, 46% of the initial NLSY-79
sample have completed the 50+ health module, 48% of whom
were male. A number of the questions that appeared in the 40+ health
module were also present in the 50+ health module; in such cases, the
latter acted as follow-up questions (Bureau of Labor Statistics & U. S. D.
of L., n.d.).
2.1.1. Measures
The data were downloaded from the National Longitudinal Study
(NLS) Web Investigator site on 15/11/2014 (Bureau of Labor Statistics
& U. S. D. of L., n.d.).
2.1.2. Intelligence
The measure of intelligence used in the NLSY-79 was the Armed
Forces Qualiﬁcations Test (AFQT), 1989 re-normed version. This score
is derived from four of the 10 subtests in the Armed Services Vocational
Aptitude Battery (ASVAB). The subtests assessed the following: arith-
metic reasoning (AR), mathematics knowledge (MK), word knowledge
(WK), and paragraph comprehension (PC) (Welsh, Kucinkas, & Curran,
1990). The ASVAB has been found to be a reliable and valid measure of
intelligence. It has been found to be a predictor of academic and job
performance as well as a predictor of ﬁrst-term attrition rates and
self-paced school completion time (Palmer, Hartke, Ree, Welsh, &
Valentine, 1988; Welsh et al., 1990). To be consistent with the
study done on the 40+ health module (Der et al., 2009) the AFQT var-
iable used in the present study was downloaded from The Bell Curve
Page (Herrnstein & Murray, 1998). This variable was scored as a per-
centage, and then was z-scored.
2.1.3. Health outcomes
The current study examines 16 health outcomes from the 50+
health module. Nine of the health outcomes were self-reports of
diagnosed health conditions, and four were other self-reported health
conditions. The diagnosed conditions were elicited by questions of
the form, “Has a doctor ever told you that you have….”. The other
self-reported conditions were responses to questions such as asked
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Yes/No response (see Table 3 for a list of these 13 health outcomes).
It is important to note that, in many cases, the questions relating to
reports of doctor diagnoses are likely to be better-validated measures
than the regular self-report questions. With regard to this, it has been
found that regular self-report questions tend to have poorer agreement
with medical records when the condition of interest has vaguely de-
ﬁned diagnostic criteria (e.g., arthritis) than when it has clearly deﬁned
diagnostic criteria (e.g., diabetes) (Haapanen, Miilunpalo, Pasanen, Oja,
& Vuori, 1997; Lampe, Walker, Lennon,Whincup, & Ebrahim, 1999). So,
in such instances, the diagnosed self-report questionmay bemore valid
because a clinical diagnosis provides respondents with an objective in-
dicator of whether or not they have the condition.
Two further health outcomes were taken from the 12-item Short-
Form Health Survey (SF-12). One of these outcomes was the SF-12
physical health measure, which is a summary measure of 6 items
referring to physical health in the 12-item Short-Form Health Survey
(SF-12). A higher score on this outcome indicates better health (Ware
et al., 1996). The other item that was drawn from the SF-12 survey
was a self-reported health-status question. This was initially a categori-
cal response variable with a 5-point scale: Excellent, Very Good, Good,
Fair, and Poor. We dichotomized this to contrast good, very good, or ex-
cellent health versus fair or poor health. The SF-12 items and survey that
were used in this study have strong validity and reliability (Resnick &
Parker, 2001).
Therewas a summarymeasure for physical functioning. This was in-
cluded in the 50+ health module. The physical functioning score was
summed across 12 questions. The twelve questions were posed in the
format, “How difﬁcult is it for you to run a mile,” “How difﬁcult is it
for you to stoop, kneel, or crouch,” etc. Each question was answered
on a 5-point Likert scale. The scores had a range of 12–60, with higher
scores indicating poorer physical functioning. All of the summary mea-
sures were z-transformed to zero mean and unit SD.
2.1.4. Control variables
There were a number of control variables: childhood age, adult age,
sex, childhood SES, as well as a composite-adult SES variable alongwith
the three constituent parts (education, incomeandoccupational status).
The following describes how these variables were created.
Adult age was derived by subtracting the year that respondents
completed the 50+ health module from their year of birth. Their year
of birth was also a derived variable that was arrived at by subtracting
their baseline age, at the ﬁrst interview in 1979, from 1979.
Childhood SES was z-transformed composite variable of parental
income, education, and occupation status, which was derived by
Herrnstein and Murray. Higher scores on the childhood SES variable in-
dicate a more advantaged socio-economic position (Herrnstein &
Murray, 1998). The adult SES variable was also a derived variable.
The method used to make this variable was similar to that used by
Herrnstein and Murray (1998). In other words, adult SES is an
average of z-scored adult education, income, and occupation status.
Higher scores on the composite adult SES variable and on each of its
constituent components indicate more advantaged socio-economic
position.
The variable used for adult education was the ‘Highest Grade
Completed’, as of 2012. The variable used for income was ‘Total Net
Family Income In Past Year’. To be consistent with Herrnstein and
Murray (1998), income was logged and z-transformed.
The third component of the adult SES variablewas occupation status.
This was coded according to the US 3-digit, 2000 census code, which is
explained in NLSY-79 Attachment 1: Census Industrial & Occupational
Classiﬁcation (Bureau of Labor Statistics & U. S. D. of L., n.d.). This was
then used to derive an Occupational status hierarchy. Herrnstein and
Murray used the 1960 Duncan SEI scale but because many changes
had been made to the census occupation classiﬁcation system between
1980 and 1990 (Frederick, 2010), an updated version of the 1960Duncan SEI scale was used. This scale was developed by Hauser and
Warren (1996) and was constructed in a similar way to the Duncan
SEI (Frederick, 2010).
2.2. Analysis
Two sets of analyseswere conducted. One set of analyseswas a com-
plete case analysis. Complete cases were deﬁned as those 4132 respon-
dents who had complete data for IQ, age, sex, educational attainment,
occupational status, and adult income. The numbers used for each anal-
ysis vary slightly from this due to small numbers (b3%) of missing data
for the health outcomes.
Because of the relatively high proportion of missing data for the
adult SES variable, a second set of analyses was performed using multi-
ple imputations. Twenty-eight imputationswere created using themul-
tivariate normal regression method for arbitrary patterns of missing
data. The variables imputed were income, education, and occupation
status as these had the highest rates of missing data, with 21%, 6% and
14% missing, respectively. Twenty-eight imputations were selected as
28% of the composite-adult SES values were missing. To note, imputa-
tions were only conducted on those who were present for the 50+
health module.
In both sets of analyses a series of hierarchical regression analyses
were conducted, i.e. logistic regressions for the dichotomous outcomes
and linear regressions for the summary health measures. For each
health outcome, six separate models were analyzed. The baseline
model adjusted for childhood age and sex. Model 2 additionally adjust-
ed for childhood SES. Model 3 added composite adult SES to the vari-
ables included in Model 2. Models 4, 5, and 6 were the same as Model
3 but each replaced the composite adult SESwith oneof its constituents:
income, education, or occupational status. All analyses were conducted
in STATA 13.0.
The complete case analyses are the primary focus of the Results sec-
tion. The results from the imputed analysis are brieﬂy covered at the
end of this section, and are covered inmore detail as the Supplementary
material.
3. Results
3.1. Descriptive statistics
The present analysis was based upon a sample of 5793 participants
who responded to the 50+ health module. There were 1619 missing
values for adult SES; 1239weremissing for income, 818 for occupation-
al status, 339 for education, and 293 for IQ. Table 1 shows differences in
selected characteristics between those who did and did not complete
the 50+ health module. Those who completed it were signiﬁcantly
more likely to be female, had slightly lower IQ scores (−0.04 SD)
and were signiﬁcantly older (+1.29 years) than those who did not
complete the 50+ healthmodule. Therewere no signiﬁcant differences
between the two groups in income, education, occupation status, or
adult SES.
Among the 5793 participants who completed the 50+Health Mod-
ule, there was a signiﬁcant and positive association between IQ and
childhood SES (r = 0.56, P b 0.001), adult SES (r = 0.64, P b 0.001),
and the sub-components of adult SES, income (r = 0.47, P b 0.001),
education (r = 0.60, P b 0.001), and occupational status (r = 0.47,
P b 0.001) see Table A.1 in Appendix A.
Table 2 displays the results of the linear regression analysis for the
continuous measures of physical health and physical functioning sum-
mary measures regressed on IQ. When childhood age and sex were ad-
justed for in the initialmodel, IQwas signiﬁcantly associatedwith better
health and physical functioning. For physical health a one standard de-
viation higher score in IQ was associated with beta 0.16 (C.I. 0.13 to
0.18), P b 0.001. For physical functioning, a one standard deviation
higher score in IQ was associated with beta −0.17 (C.I. −0.20 to
Table 1
Differences in selected variables between those who completed the 50+ health module
and those who did not.
Completed 50+
health module
N % male Mean SD P⁎
AFQT (IQ) Yes 5500 −0.278 0.012 0.03
No 6378 −0.237 0.014
Age Yes 5793 51.60 yrs. 0.02 b0.00
No 6893 50.31 yrs. 0.03
Income Yes 4554 $78,135 0.01 0.50
No 1553 $78,286 0.03
Education Yes 5454 13.20 yrs. 0.01 0.71
No 1836 13.27 yrs. 1.00
Occupation status Yes 4975 35.87 pts. 0.01 0.26
No 1708 36.31 pts. 0.02
Adult SES Yes 4174 0.06 0.01 0.76
No 1445 0.07 0.02
Sex Yes 5793 22% b0.00
No 6893 29%
Note.
⁎ P-value for the difference between groups. P-value for the difference in completion of
the 50+ health module by sex.
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attenuation in the association between IQ and both physical health
and physical functioning, but the associations with both health
outcomes remained signiﬁcant. When adjusting for adult age and
adult SES, there was substantial attenuation across both outcomes.
The betas for physical health and physical functioning were reduced
markedly to −0.006 and −0.012, respectively and were no longer
signiﬁcant.
The results for the logistic regressions of the relationship between IQ
and self-report health-status are presented in Table 2. In the baseline
model, which controls for childhood age and sex, a 1 SD higher score
in IQ was signiﬁcantly associated with increased odds of having good,
very good, or excellent health over fair or poor health, with an odds
ratio of 1.70 (C.I. 1.55 to 1.86). Adjusting for childhood SES attenuated
this relationship slightly. Adjusting for adult age and adult SES attenuat-
ed the effect markedly to 1.11 and to non-signiﬁcance.
The results for logistic regression analysis of the relationship be-
tween IQ in youth and the presence or absence of 13 health conditions
are presented in Table 3. The questions for the ﬁrst nine health condi-
tions asked respondents to report whether a doctor had ever diagnosed
them with the particular health condition. The other four questions in
this section asked respondents to report whether or not they had the
condition, with the question on heart attack acting as a follow-up to
the question on heart problems in general.
In the baselinemodel,which controls for childhood age and sex, seven
of the nine doctor-diagnosed conditionswere signiﬁcantly and negatively
associated with IQ. Higher IQ was associated with lower odds of having
the following conditions: high blood pressure/hypertension, diabetes
or high blood sugar, chronic lung disease, heart problems in general,Table 2
Regression analyses of the relation between a SD higher score in IQ in youth and physical health
ing or mediating variables (complete case analysis).
Model 1 (baseline) Model 2 (ch
Beta C.I. P value Beta
Physical health 0.156 0.128 to 0.183 b0.001 0.127
Mobility difﬁculty −0.169 −0.196 to−0.142 b0.001 −0.143
Health status a 1.70 1.55 to 1.86 b0.001 1.59
Note. The effect of IQ on physical health & physical functioning was analyzed using linear regre
Sample size: SF-12 physical health (3985) and physical functioning (3923).
Sample size (4014): Poor–Fair (659) and Good–Very Good–Excellent (3355).
Model 1: IQ, sex, childhood age.
Model 2: IQ, sex, childhood age + childhood SES.
Model 3: IQ, sex, childhood age, adult age, childhood SES + adult SES.
a The effect of IQ on health status model was analyzed using logistic regression analysis, betcongestive heart failure, stroke, and arthritis/rheumatism. The odds ra-
tios for these conditions range from 0.85 for diabetes/high blood sugar
to 0.65 for stroke, per one standard deviation higher score in IQ. Two
of the four self-reported health conditions also had a signiﬁcant
association with IQ; these were heart attack and use of mobility aids.
The odds ratios for these conditions were 0.59 and 0.74, per SD higher
score in IQ, respectively. On the other hand, cancer/malignant tumor,
osteoporosis, asthma, and pain/stiffness of joints were not signiﬁcantly
associatedwith IQ. After adjusting for childhood SES, therewas little at-
tenuation of the effects. After adjustment for childhood SES, all of the di-
agnosed conditions that were initially signiﬁcant remained signiﬁcant,
except for diabetes/high blood sugar; osteoporosis became signiﬁcant.
The two signiﬁcant self-reported health conditionswere also slightly at-
tenuated but both remained signiﬁcant. Adjusting for adult SES had a
marked attenuating effect on all of the health outcomes, except for
high blood pressure/hypertension. Signiﬁcant results only remained
for high blood pressure/hypertension and heart attack, with odds ratios
of 0.85 and 0.69, respectively. Additionally, pain or swelling/stiffness of
joints became signiﬁcant and the effect was reversed, and a 1 SD higher
score in IQ was associated with an odds ratio of 1.11.
The results of the regression analysis that adjust for the three sub-
components of adult SES (income, education, and occupation status)
for all of the health outcomes in the complete case analyses are present-
ed in Tables A.2 and A.3 in Appendix A. These tables show how IQ in
youth is associated with each of the 16 health outcomes when income,
education attainment, and occupation status are each adjusted for indi-
vidually. Looking across the health outcomes, in the majority of cases
the effect of adjusting for the composite adult SES measure was found
to lead to greater attenuation than adjusting for income, education, or
occupation status individually. Across these three sub-components, in-
come was found to explain much of the attenuation for a number of
health outcomes.
The results for the complete case analysis were compared to the re-
sults from the multiply imputed analysis. The results for the summary
measures (physical health & physical functioning), the self-report
health status, and the 13 health conditions can be found in Tables A.4
and A.5 on Appendix. A more detailed description of the results can be
found in the Supplementary materials.
For the summarymeasures and self-reported health status the same
general patterns were found across the imputed and complete case re-
sults. However, in both cases the effect sizes tended to be slightly larger
in the imputed analysis. Adjusting for adult SES in the imputed analysis
led to less attenuation of the effect for the summary measures and the
effects remained signiﬁcant, for both the summary measure and for
self reported health status.
A similar overall pattern was found when comparing the imputed
results to the complete case results for the 13 doctor-diagnosed and
self-reported health conditions. The effect sizes were comparable in
both sets of analysis. The pattern of attenuation by adult SES was
somewhat variable across the two analyses; however, the same three, physical functioning, and health status at age 50,with adjustment for potential confound-
ildhood SES) Model 3 (adult SES)
C.I. P value Beta C.I. P value
0.094 to 0.160 b0.001 −0.006 −0.044 to 0.032 0.746
−0.176 to−0.111 b0.001 −0.012 −0.049 to 0.025 0.528
1.43 to 1.77 b0.001 1.11 0.98 to 1.26 0.101
ssion analysis, beta = regression coefﬁcient.
a = odds ratio.
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pain/stiffness of joints) were the only outcomes that remained signiﬁ-
cantly related to childhood IQ in both analysis.
4. Discussion
The current study examined the relationship between IQ in youth
and a range of health outcomes at age 50 years, adjusting for childhood
and adult SES. Before adjusting for SES, the results conﬁrm that pre-
morbid intelligence is signiﬁcantly associated with a large number of
health outcomes at age 50. Those with a higher IQ in youth tend to
have better overall physical health and tend to be less likely to have a
number of chronic health conditions. After adjusting for childhood SES
pre-morbid intelligence remained signiﬁcantly associated with most
health outcomes at age 50. Therefore, it appears that social background
does not account for premorbid intelligence–health associations.
However, these associations were attenuated markedly after adjusting
for adult SES.
Unlike other cognitive epidemiology studies, the present study
looked at how IQ affected a large number of chronic health conditions,
many of which had been diagnosed by a doctor. There are some notable
ﬁndings on a few health conditions. By age 50, cardiovascular disease
and the conditions associated with it – high blood pressure, heart
problems in general, congestive heart failure, stroke, and heart attack
– were signiﬁcantly associated with intelligence in youth. The odds
ratios of having these conditions range from 0.59 (stroke) to 0.80
(high blood pressure), per SD advantage in IQ. This is consistent with
previous ﬁndings of a link between IQ and CVD related mortality and
morbidity (Ariansen et al., 2014; Batty, Mortensen, & Osler, 2005;
Batty et al., 2008a, Batty et al., 2008b; Hart et al., 2004; Hemmingsson
et al., 2006; Kajantie et al., 2012; Lawlor et al., 2008; Silventoinen
et al., 2007).
Chronic lung disease is also signiﬁcantly associated with intelligence
in youth,with an odds ratio of 0.71 per SD higher score in IQ. This is con-
sistent with previous ﬁndings of a link between IQ and mortality and
morbidity due to lung disease and more general lung functioning (Der
et al., 2009; Emery, Nancy, Svartengren, & G M., 1998; Richards,
Strachan, Hardy, Kun, & Wadsworth, 2005). The present study did
not ﬁnd a relationship between intelligence and cancer morbidity,
this is consistent with other studies that looked at pre-morbid intelli-
gence and cancer morbidity (Batty et al., 2007c, 2007d; Der et al.,
2009; Hart et al., 2003) and studies that looked at cancer mortality
(Batty et al., 2007c, 2007d; Hart et al., 2003). However, a higher pre-
morbid intelligence has been found to be associated with a reducedTable 3
Logistic regression analyses of the relation between a SD higher score in IQ in youth and 13 diff
variables (complete case analysis).
Health at 50: complete cases Number (%)
of cases
Number Model 1 (b
OR C.I.
High blood pressure or hypertension 1471 (37) 4010 0.80 0.7
Diabetes or high blood sugar 543 (14) 4012 0.85 0.7
Cancer or malignant tumor (excluding skin cancer) 114 (3) 4011 1.16 0.9
Chronic lung disease 212 (5) 4008 0.71 0.6
Heart problems in general 214 (5) 4007 0.79 0.6
Congestive heart failure 56 (1) 4010 0.66 0.5
Stroke 84 (2) 4012 0.65 0.5
Osteoporosis 115 (3) 4005 0.83 0.6
Arthritis or rheumatism 993 (25) 4012 0.84 0.7
Heart attack 89 (2) 4003 0.59 0.4
Asthma 272 (7) 4015 0.96 0.8
Pain or stiffness/swelling of joints 2006 (50) 4012 0.95 0.8
Use of mobility aids 177 (4) 4011 0.74 0.6
Note.
Model 1: IQ, sex, childhood age.
Model 2: IQ, sex, childhood age + childhood SES.
Model 3: IQ, sex, childhood age, adult age, childhood SES + adult SES.risk of lung cancer morbidity and mortality (Hart et al., 2004), an in-
creased risk of skin cancer morbidity and mortality (Batty et al., 2007c,
2007d), and an increased risk of mortality from any type of cancer
(Kuh et al., 2009).
Diabetes was also signiﬁcantly associated with intelligence in youth,
with an odds ratio of 0.85 per SD advantage in IQ. This ﬁnding is also
consistent with other research on pre-morbid intelligence and diabetes
and other metabolic conditions (Lawlor, Clark, Davey Smith, & Leon,
2006; Der et al., 2009; Halkjaer, Holst, & Sørensen, 2003; Schmidt,
Johannesdottir, Lemeshow, Lash, Ulrichsen, Botker, & Sorensen, 2013).
However, it is important to mention that not all studies on diabetes
have found a signiﬁcant relationship with premorbid intelligence
(Paile-Hyvärinen et al., 2009).
Childhood SESwas found to explain a very small part of the relation-
ship between IQ and health, which was similar to what was found for
health at age 40 (Der et al., 2009). Given IQ in youth and childhood
SES correlate strongly (r = .56), the extent of attenuation by childhood
SES is less than would be expected. This suggests that childhood SES
may not be a strong confounder of the relationship between IQ in
youth and health outcomes in adulthood. Adult SES led to more
attenuation than childhood SES. For example, looking at the average
odds ratio across the self-report health conditions, which were
signiﬁcant in the baseline model, the effect size was reduced from an
average OR of 0.75 at baseline, to 0.73 after adjusting for childhood
SES, and to 0.90 after adjusting for adult SES. Adult SES tended to
account for more of the relationship between IQ and most of the
health outcomes than childhood SES did, which is consistent with
other research (Calvin et al., 2011; Hemmingsson et al., 2006; Jokela,
Elovainio, Singh-Manoux, Kivimäki, 2009; Batty et al., 2008a, 2008b;
Hart et al., 2003; Hemmingsson, Melin, Allebeck, & Lundberg, 2009;
Deary et al, 2008; Jokela et al., 2009).
Other studies that look at themediating role of adult SES tend to take
income, education, or occupation status as single indicators of adult SES.
As the present study combined all three of these together the current
ﬁndings help us to get a better understanding of the role played by
adult SES in the relation between intelligence in youth and later health.
The composite adult SES variable had a greater attenuating effect than
income, education, and occupation status did on the associations be-
tween IQ in youth and chronic lung disease, heart problems in general,
congestive heart failure, stroke, osteoporosis, arthritis/rheumatism,
heart attack, pain or stiffness/swelling of joints, use of mobility aids,
self-reported health status, as well as for the physical health and physi-
cal functioning summarymeasure. A possible explanation for the great-
er mediating role-played by adult SES, compared to the smallererent health conditions at age 50, with adjustment for potential confounding or mediating
aseline) Model 2 (childhood SES) Model 3 (childhood and
adult SES)
P value OR C.I. P value OR C.I. P value
5 to 0.86 b0.001 0.82 0.76 to 0.89 b0.001 0.85 0.783 to 0.94 0.001
7 to 0.93 b0.001 0.91 0.82 to 1.02 0.103 0.99 0.87 to 1.13 0.920
6 to 1.40 0.133 1.06 0.84 to 1.33 0.622 1.02 0.783 to 1.33 0.899
2 to 0.82 b0.001 0.68 0.57 to 0.80 b0.001 0.99 0.81 to 1.20 0.894
9 to 0.90 0.001 0.75 0.64 to 0.89 0.001 0.92 0.76 to 1.12 0.427
0 to 0.86 0.002 0.61 0.44 to 0.84 0.002 0.80 0.55 to 1.17 0.256
2 to 0.81 b0.001 0.62 0.47 to 0.80 b0.001 0.80 0.58 to 1.08 0.145
8 to 1.01 0.058 0.76 0.61 to 0.96 0.023 0.87 0.66 to 1.13 0.294
8 to 0.90 b0.001 0.87 0.80 to 0.95 0.002 1.02 0.92 to 1.13 0.703
8 to 0.73 b0.001 0.53 0.42 to 0.69 b0.001 0.69 0.51 to 0.93 0.014
5 to 1.09 0.556 0.89 0.77 to 1.04 0.148 1.04 0.87 to 1.24 0.644
93 to 1.01 0.107 0.95 0.89 to 1.03 0.222 1.11 1.02 to 1.22 0.016
4 to 0.86 b0.001 0.76 0.63 to 0.91 0.003 1.10 0.88 to 1.36 0.405
28 C. Wraw et al. / Intelligence 53 (2015) 23–32mediating effects of income, education, and occupation status individu-
ally, could be that the composite indicator has less measurement error.
Wenote, though, that themarked attenuation of the intelligence–health
associations by adult SES measures does not afford any single straight-
forward explanations along the lines of the environmental privileges
of higher social class being the causal factor. We addressed this
elsewhere (Deary, Penke, & Johnson, 2010), we considered other possi-
ble causal accounts (Deary,Weiss, & Batty, 2010), andwe have reported
genetic correlations between social class measures and intelligence
(Marioni et al., 2014). We especially note the high genetic correlation
between intelligence and education, and so it is possible that education
is acting as largely a proxy for intelligence rather than as an environ-
mental SES measure (Marioni et al., 2014).
The current study also found that for in the case of the relationships
between IQ and high blood pressure/hypertension and diabetes/high
blood sugar the attenuation by income was approximately the same
as the attenuation by adult SES. And looking across the sub-
components of adult SES for physical health, physical functioning,
health status, heart problems in general, congestive heart failure, asth-
ma, and use of mobility aids income led to greater attenuation than ei-
ther education or occupation status. A possible explanation for this
could be that a number of these health outcomes, most notably the
cardiovascular outcomes, are related to stress (Black & Garbutt, 2002).
The attenuation by adult SES, which is strongly inﬂuenced by income,
could be due to the fact that those with higher intelligence are
more likely to obtain a higher SES and therefore might experience
less stress (Marmot, 2004; Sapolsky, 2005), which could be largely a
result of their higher income. These ﬁndings on income could also be
partly explained by other work that looks at the effects of income
on health. It has been suggested that an income of less than $5000
USD negatively affects health due to absolute poverty andmaterial dep-
rivation— i.e., lack of clean water, damp and poorly ventilated housing.
But for thosewith an income that falls between $5000 and $70,000 USD
(income ﬁgures from 1993 dollars) health is negatively affected by rel-
ative poverty, not absolute poverty, and this inﬂuences an individual's
ability to control their life circumstances and limits their ability to
participate in society (Marmot, 2002). In the current ﬁndings relative
poverty likely mediates the effect of childhood intelligence on health
outcomes.
It is important to highlight that in both the complete case and imput-
ed analysis therewas very little change in effect size for high blood pres-
sure/hypertension across all six models. Per SD higher score in IQ, the
odds ratio for this condition ranged from 0.80 in the baseline model to
0.85 when adjusting for Adult SES. These ﬁndings may indicate that
more intelligent people may manage their high blood pressure better.
Or it may indicate a non-modiﬁable link between IQ and high blood
pressure/hypertension. On the other hand, there may be unaccounted
for variables that modify this relationship, such as obesity, smoking, or
levels of alcohol consumption, all of which have been found to be asso-
ciated with childhood intelligence (Anstey, Low, Christensen, &
Sachdev, 2009; Chandola, Deary, Blane, & Batty, 2005; Kanazawa,
2013) and are known risk factors for high blood pressure/hypertension.
Future studies could investigate these possible pathways. It is also inter-
esting to point out that high blood pressure is not a debilitating condi-
tion on its own but is a risk factor for many health outcomes such as
heart attack, stroke, (Farley, Dalal, Mostashari, & Frieden, 2010) and di-
abetes (Ishihara, Yukimura, Aizawa, Yamada, Ohto & Yoshizawa, 1987).
This may highlight a fundamental underlying biological pathway be-
tween IQ and some chronic health conditions.
Regarding a possible biological pathway between IQ and health, the
ﬁndings on high blood pressure/hypertension, and all of the other sig-
niﬁcant ﬁndings in the present study, could be explained by the system
integrity theory or could be due to an individual's history of bodily-
insults. The system-integrity explanation points to the possibility of cor-
related bodily factors from early life that inﬂuence an individual's phys-
iological makeup which affects their physical and cognitive functioning(Calvin, Deary, & Batty, 2007; Deary, 2012). Another possible explana-
tion may be the impact of bodily-insults that have occurred across an
individual's life-course. Exposure to certain physical and social elements
at different life stages (gestation, infancy, childhood, adolescence, or
adulthood) can have damaging and lasting effects on the structure
and functioning of the body, which, in turn, could increase the risk of
health conditions (Barker, 2004; Kuh et al., 2003). Another pathway
that may link intelligence to health outcomes could be how well
established and known the risk factors are for different diseases,
which relates to the ability to prevent the onset and progression of a dis-
ease. For example, the risk factors for conditions such as heart disease
and diabetes are well established and individuals with a higher intelli-
gence may be more likely to be aware of, and avoid, these risk factors.
For instance, higher pre-morbid intelligence has been found to be asso-
ciated with a lower prevalence of metabolic syndrome, which is a risk
factor for cardiovascular disease (Batty, Deary, Schoon, & Gale, 2007b;
Batty et al., 2008a; Chandola et al., 2005; Lindgarde, Furu, & Ljung,
1987; Starr et al., 2004). However, the risk factors for other conditions
such as many types of cancers are not well established so intelligent
people would not be more likely to avoid these risk factors.
4.1. Strengths & limitations
The current research has some strength. The ﬁrst is that this study
utilises a pre-morbid measure of intelligence that is taken in youth.
The age is optimal, being at the end of most ﬂuid cognitive maturity
and earlier thanwould be expected for age-associated cognitive decline.
If the intelligencemeasure is taken later in adulthood there are concerns
surrounding reverse causality (Batty, Deary, & Gottfredson, 2007a),
whereby cognitive decline occurs following the onset of certain chronic
conditions (Batty, Deary, & Gottfredson, 2007a). A second strength of
this study is that it is based on a large and representative sample of
adult Americans aged 50 years old.
A third strength of the current research is that it studied health at age
50, which is an age when chronic health conditions start to be more
prevalent. Therefore the risk of developingmany of these chronic condi-
tions increases with age. And the impact of risk factors, including IQ,
might accumulate over time (Kuh et al., 2003). So the number of inci-
dences of a chronic disease is likely to be greater at age 50 than at age
40, and this tends to be the case. For example, based on the nationally
representative sample from the 2012 National Health Interview Survey
(NHIS) in the US, rates of heart disease were 3.8% for those aged 18–44
and were 12.1% for those aged 45–65; similarly, rates of diabetes were
2.4% in the former age group and 12.7% in the latter age group. Another
strength is that this study includes a greater breadth of diagnosed health
conditions than thehealth at 40 study did. This is valuable because these
types of questions are less likely to be inﬂuenced by reporting bias than
the purely self-reported questions (Haapanen et al., 1997; Lampe et al.,
1999).
Although this study beneﬁts from a number of strengths there are
some limitations. First, there are a high number of missing data for the
adult SES variable. And because of this, the number of observations
used in the complete case analysis was reduced though still large. The
health measures in this study are self-reported. Such measures tend to
have lower validity than clinically diagnosed conditions in medical re-
cords. However, the SF-12 scales used in the study do have high reliabil-
ity and validity (Resnick & Parker, 2001).
There is also the possibility of reporting bias due to differences
in health literacy whereby those with higher intelligence will have
better symptom recognition, better recall of conditions, and more
accurate reporting of these in the health module (Beier & Ackerman,
2003; Gottfredson, 2004). Conversely, people with a lower IQ might
under-report their health conditions. The net effect of such reporting
bias would be to bias results towards the null, i.e. our estimates of effect
size here might be under-estimates. Evidence suggests health literacy is
equivalent to general intelligence (Reeve & Basalik, 2014; Gottfredson,
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Wolf, & Deary, 2011; Wolf et al., 2012).
The ﬁndings of the current study show that there is an association be-
tween IQ and multiple health outcomes at age 50. It suggested that adult
SES substantially mediates the effect of IQ for a number of health out-
comes, though the interpretation of that is not clear. Future research
could examine more closely the relationship between IQ and high
blood-pressure/hypertension and the mediating role played by income
in the relationship between IQ andhealth. The currentﬁndings contributeTable A.3
Logistic regression analyses of the relation between a SD increase in IQ in youth and 13 differen
iables, across Model 4–Model 6 of the complete case analysis.
Health at 50: complete cases Number (%) of cases Mode
age +
Number OR
High blood pressure or hypertension 1471 (37) 4010 0.86
Diabetes or high blood sugar 543 (14) 4012 0.98
Cancer malignant tumor (excluding skin cancer) 114 (3) 4011 1.11
Chronic lung disease 212 (5) 4008 0.86
Heart problems in general 214 (5) 4007 0.88
Congestive heart failure 56 (1) 4010 0.78
Stroke 84 (2) 4012 0.72
Osteoporosis 115 (3) 4005 0.83
Arthritis or rheumatism 993 (25) 4012 0.96
Heart attack 89 (2) 4003 0.63
Asthma 272 (7) 4015 1.02
Pain or stiffness/swelling of joints 2006 (50) 4012 1.03
Use of mobility aids 177 (4) 4011 1.01
Note.
Model 4: IQ, sex, childhood age, adult age, childhood SES, income.
Model 5: IQ, sex, childhood age, adult age, childhood SES, education.
Model 6: IQ, sex, childhood age, adult age, childhood SES, occupation status.
Table A.2
Linear regression analyses of the relation between a SD increase in IQ in youth and physical he
diating variables, across Model 4–Model 6 of the complete case analysis.
Model 4 (Model 2 + adult age + income) Model 5 (Mo
Beta C.I. P value Beta
Physical Health 0.020 −0.014 to 0.055 0.250 0.071
Mobility Difﬁculty −0.046 −0.079 to−0.012 0.008 −0.080
Health status ⁎ 1.22 1.09 to 1.37 b0.001 1.40
Note. The effect of IQ on physical health & physical functioning was analyzed using linear regre
Sample size: SF-12 physical health (3985) and physical functioning (3923).
Sample size (4014): Poor–Fair (659) Good–Very Good–Excellent (3355).
Model 4: IQ, sex, childhood age, adult age, childhood SES, income.
Model 5: IQ, sex, childhood age, adult age, childhood SES, education.
Model 6: IQ, sex, childhood age, adult age, childhood SES, occupation status.
⁎ The effect of IQ on health status model was analyzed using logistic regression analysis, bet
Table A.1
Correlation matrix of explanatory and control variables.
IQ in youth Child SES Adult
IQ in youth 1.00
Child SES 0.562 1.00
Adult SES 0.640 0.454 1.00
Income 0.472 0.325 0.755
Education 0.603 0.450 0.829
Occupational status 0.474 0.323 0.838
Note. All correlations P b 0.001.
Appendix A
Complete case analysis: Models 4, 5, and 6to our understanding of the risk factors of poor health and health inequal-
ities. Hence, it can be used to inform health and social policies that aim to
reduce the burden of illness for the individual, society, and economy.Appendix B. Supplementary data
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.intell.2015.08.001.t health conditions at age 50, with adjustment for potential confounding or mediating var-
l 4 (Model 2 + adult
income)
Model 5 (Model 2 + adult
age + education)
Model 6 (Model 2 + adult
age + occu status)
C.I. P value OR C.I. P value OR C.I. P value
0.79 to 0.94 0.001 0.81 0.74 to 0.89 b0.001 0.83 0.76 to 0.90 b0.001
0.87 to 1.10 0.689 0.95 0.84 to 1.08 0.427 0.93 0.83 to 1.05 0.247
0.87 to 1.41 0.418 1.01 0.78 to 1.31 0.922 1.00 0.78 to 1.28 0.976
0.72 to 1.03 0.108 0.84 0.69 to 1.01 0.070 0.75 0.61 to 0.89 0.002
0.74 to 1.05 0.150 0.80 0.66 to 0.97 0.023 0.80 0.67 to 0.96 0.016
0.56 to 1.10 0.157 0.65 0.45 to 0.94 0.020 0.63 0.45 to 0.89 0.009
0.55 to 0.96 0.024 0.68 0.51 to 0.92 0.011 0.67 0.51 to 0.89 0.006
0.65 to 1.06 0.142 0.77 0.60 to 1.01 0.055 0.83 0.65 to 1.06 0.133
0.87 to 1.05 0.353 0.96 0.87 to 1.06 0.454 0.92 0.84 to 1.01 0.087
0.48 to 0.83 0.001 0.60 0.45 to 0.80 0.001 0.57 0.44 to 0.75 b0.001
0.87 to 1.20 0.791 0.94 0.79 to 1.11 0.446 0.93 0.79 to 1.09 0.376
0.95 to 1.11 0.497 1.06 0.97 to 1.15 0.177 1.02 0.94 to 1.11 0.585
0.83 to 1.22 0.960 0.83 0.67 to 1.02 0.070 0.86 0.70 to 1.04 0.124
alth and Physical functioning at age 50, with adjustment for potential confounding or me-
del 2 + adult age + education) Model 6 (Model 2 + adult age + occ status)
C.I. P value Beta C.I. P value
0.034 to 0.109 0.001 0.085 0.050 to 0.121 b0.001
−0.117 to−0.044 b0.001 −0.100 −0.135 to−0.066 b0.001
1.24 to 1.57 b0.001 1.43 1.27 to 1.60 b0.001
ssion analysis, beta = regression coefﬁcient.
a = odds ratio.
SES Income Education Occupational status
1.00
0.416 1.00
0.435 0.581 1.00
Table A.5
Logistic regression analyses of the relation between a SD increase in IQ in youth and 13 different health conditions at age 50, with adjustment for potential confounding or mediating variables across Model 1–Model 6 of the imputed analysis.
50+ health module: imputed Number Model 1 (baseline) Model 2 (childhood SES) Model 3 (adult SES) Model 4 (Model 2 +
adult age + income)
Model 5 (Model 2 +
adult age + education)
Model 6 (Model 2 +
adult age + occ status)
OR C.I. P
value
OR C.I. P
value
OR C.I. P
value
OR C.I. P
value
OR C.I. P
value
OR C.I. P
value
High blood pressure or hypertension 5490 0.77 0.73 to 0.81 b0.001 0.81 0.75 to 0.86 b0.001 0.83 0.77 to 0.90 b0.001 0.84 0.78 to 0.90 b0.001 0.80 0.74 to 0.86 b0.001 0.81 0.75 to 0.87 b0.001
Diabetes or high blood sugar 5493 0.82 0.76 to 0.89 b0.001 0.91 0.84 to 1.00 0.051 0.99 0.89 to 1.10 0.814 0.97 0.88 to 1.07 0.493 0.95 0.86 to 1.05 0.330 0.94 0.85 to 1.03 0.198
Cancer malignant tumor (exc. skin) 5491 1.11 0.96 to 1.29 0.166 1.12 0.93 to 1.34 0.240 1.10 0.89 to 1.36 0.400 1.15 0.95 to 1.40 0.157 1.10 0.90 to 1.36 0.356 1.06 0.87 to 1.29 0.549
Chronic lung disease 5488 0.69 0.62 to 0.77 b0.001 0.68 0.60 to 0.78 b0.001 0.90 0.78 to 1.05 0.187 0.81 0.70 to 0.93 0.003 0.82 0.71 to 0.96 0.010 0.74 0.64 to 0.86 b0.001
Heart problems in general 5489 0.81 0.72 to 0.90 b0.001 0.81 0.71 to 0.93 0.002 0.99 0.85 to 1.16 0.946 0.93 0.80 to 1.07 0.281 0.92 0.79 to 1.06 0.244 0.87 0.75 to 1.00 0.055
Congestive heart failure 5487 0.69 0.56 to 0.84 b0.001 0.68 0.53 to 0.86 0.002 0.86 0.65 to 1.15 0.302 0.82 0.63 to 1.06 0.127 0.74 0.56 to 0.97 0.031 0.72 0.55 to 0.94 0.016
Stroke 5494 0.66 0.56 to 0.78 b0.001 0.64 0.53 to 0.78 b0.001 0.81 0.64 to 1.02 0.074 0.74 0.59 to 0.91 0.005 0.72 0.57 to 0.90 0.004 0.71 0.57 to 0.88 0.002
Osteoporosis 5487 0.84 0.72 to 0.97 0.021 0.84 0.70 to 1.00 0.053 0.97 0.78 to 1.20 0.772 0.92 0.76 to 1.12 0.401 0.87 0.71 to 1.07 0.192 0.91 0.74 to 1.10 0.328
Arthritis or rheumatism 5493 0.81 0.76 to 0.86 b0.001 0.83 0.78 to 0.90 b0.001 0.95 0.87 to 1.03 0.237 0.90 0.84 to 0.98 0.011 0.91 0.84 to 0.99 0.025 0.87 0.81 to 0.95 0.001
Heart attack 5482 0.62 0.52 to 0.72 b0.001 0.63 0.52 to 0.76 b0.001 0.76 0.61 to 0.96 0.020 0.71 0.58 to 0.87 0.001 0.71 0.57 to 0.88 0.002 0.67 0.54 to 0.82 b0.001
Asthma 5500 0.87 0.79 to 0.96 0.007 0.81 0.71 to 0.91 0.001 0.91 0.79 to 1.05 0.205 0.90 0.79 to 1.02 0.107 0.84 0.73 to 0.97 0.014 0.83 0.73 to 0.95 0.008
Pain or stiffness/swelling of joints 5491 0.94 0.89 to 0.99 0.015 0.96 0.90 to 1.02 0.214 1.09 1.02 to 1.18 0.018 1.03 0.96 to 1.10 0.457 1.05 0.98 to 1.13 0.196 1.02 0.95 to 1.09 0.540
Use of mobility aids 5494 0.70 0.62 to 0.78 b0.001 0.75 0.65 to 0.86 b0.001 0.96 0.82 to 1.13 0.655 0.91 0.78 to 1.05 0.201 0.81 0.69 to 0.94 0.006 0.82 0.71 to 0.95 0.009
Table A.4
Regression analyses of the relation between a SD higher score in IQ in youth and physical health, physical functioning, and health status at age 50, with adjustment for potential confounding or mediating variables (imputed analysis).
Model 1 (baseline) Model 2 (childhood SES) Model 3 (adult SES) Model 4 (Model 2 + adult age
+ income)
Model 5 (Model 2 + adult age
+ education)
Model 6 (Model 2 + adult age
+ occ status)
Obs Beta C.I. P
value
Beta C.I. P
value
Beta C.I. P
value
Obs Beta C.I. P
value
Beta C.I. P
value
Beta C.I. P
value
Physical
health
5443 0.202 0.177 to 0.228 b0.001 0.165 0.134 to 0.196 b0.001 0.040 0.005 to 0.076 0.025 5443 0.071 0.038 to 0.103 b0.001 0.107 0.072 to 0.142 b0.001 0.122 0.088 to 0.155 b0.001
Mobility
difﬁculty
5360 −0.216 −0.241 to−0.191 b0.001 −0.176 −0.206 to−0.146 b0.001 −0.056 −0.091 to−0.021 0.002 5360 −0.090 −0.122 to−0.058 b0.001 −0.113 −0.147 to−0.079 b0.001 −0.134 −0.167 to−0.101 b0.001
Health
statusa
5496 1.81 1.68 to 1.94 b0.001 1.68 1.54 to 1.82 b0.001 1.27 1.15 to 1.40 b0.001 5496 1.38 1.26 to 1.51 b0.001 1.48 1.35 to 1.63 b0.001 1.53 1.39 to 1.67 b0.001
Note. The effect of IQ on physical health & physical functioning was analyzed using linear regression analysis, beta = regression coefﬁcient.
a The effect of IQ on health status was analyzed using logistic regression analysis, beta = odds ratio.
30
C.W
raw
etal./Intelligence
53
(2015)
23–32
31C. Wraw et al. / Intelligence 53 (2015) 23–32References
Anstey, K.J., Low, L.F., Christensen, H., & Sachdev, P. (2009). Level of cognitive perfor-
mance as a correlate and predictor of health behaviors that protect against cognitive
decline in late life: The path through life study. Intelligence, 37(6), 600–606. http://dx.
doi.org/10.1016/j.intell.2008.10.001.
Ariansen, I., Mortensen, L., Igland, J., Tell, G.S., Tambs, K., Graff-Iversen, S., et al. (2014). The
educational gradient in coronary heart disease: The association with cognition in a
cohort of 57279 male conscripts. Journal of Epidemiology & Community Health, 69,
322–329. http://dx.doi.org/10.1136/jech-2014-204597.
Barker, D.J. (2004). The developmental origins of adult disease. Journal of the
American College of Nutrition, 23(6 Suppl.), 588S–595S (http://doi.org/23/
suppl_6/588S [pii]).
Batty, D., Mortensen, L., Gale, C., Shipley, M., Roberts, B., & Deary, I.J. (2009). IQ in late ad-
olescence/early adulthood, risk factors in middle age, and later cancer mortality in
men: The Vietnam experience study. Psycho-Oncology, 18, 1122–1126. http://dx.doi.
org/10.1002/pon.1521.
Batty, G.D., Deary, I.J., & Gottfredson, L.S. (2007a). Premorbid (early life) IQ and later mor-
tality risk: Systematic review. Annals of Epidemiology, 17, 278–288. http://dx.doi.org/
10.1016/j.annepidem.2006.07.010.
Batty, D., Deary, I., Schoon, I., & Gale, C. (2007b). Mental ability across childhood in rela-
tion to risk factors for premature mortality in adult life: The 1970 British Cohort
Study. Journal of Epidemiology and Community Health, 61, 997–1003.
Batty, G.D., Wennerstad, K.M., Davey Smith, G., Gunnell, D., Deary, I.J., Tynelius, P., et al.
(2007c). IQ in early adulthood and later cancer risk: Cohort study of one million
Swedish men. Annals of Oncology, 18(1), 21–28. http://dx.doi.org/10.1093/annonc/
mdl473.
Batty, G.D., Gale, C.R., Mortensen, L.H., Langenberg, C., Shipley, M.J., & Deary, I.J. (2008a).
Pre-morbid intelligence, the metabolic syndrome and mortality: The Vietnam Expe-
rience Study. Diabetologia, 51(3), 436–443. http://dx.doi.org/10.1007/s00125-007-
0908-5.
Batty, G.D., Shipley, M.J., Gale, C.R., Mortensen, L.H., & Deary, I.J. (2008b). Does IQ predict
total and cardiovascular disease mortality as strongly as other risk factors? Compar-
ison of effect estimates using the Vietnam Experience Study. Heart (British Cardiac
Society)., 94, 1541–1544. http://dx.doi.org/10.1136/hrt.2008.149567.
Batty, G.D., Mortensen, E., & Osler, M. (2005). Childhood intelligence in relation to later
psychiatric disorder: Evidence from a Danish birth cohort study. The British Journal
of Psychiatry, 187, 180–181 (Retrieved from http://www.ncbi.nlm.nih.gov/entrez/
query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16055831).
Beier, M.E., & Ackerman, P.L. (2003). Determinants of health knowledge: An investigation
of age, gender, abilities, personality, and interests. Journal of Personality and Social
Psychology, 84(2), 439–448. http://dx.doi.org/10.1037/0022-3514.84.2.439.
Black, P.H., & Garbutt, L.D. (2002). Stress, inﬂammation and cardiovascular disease.
Journal of Psychosomatic Research, 52(1), 1–23. http://dx.doi.org/10.1016/S0022-
3999(01)00302-6.
Bureau of Labor Statistics, U. S. D. of L. (d). Attachment 1: Census industrial & occupational
classiﬁcation codes|national longitudinal surveys. Retrieved from https://nlsinfo.org/
content/cohorts/nlsy97/other-documentation/codebook-supplement/attachment-1-
census-industrial
Calvin, C., Deary, I.J., & Batty, G.D. (2007). Cognitive epidemiology. Health, longevity, and
death: Cognitive epidemiology, Vol. 61. (pp. 378–384). http://dx.doi.org/10.1136/jech.
2005.039206.
Calvin, C.M., Deary, I.J., Fenton, C., Roberts, B. a., Der, G., Leckenby, N., et al. (2011). Intel-
ligence in youth and all-cause-mortality: Systematic review with meta-analysis.
International Journal of Epidemiology, 40(October 2010), 626–644. http://dx.doi.org/
10.1093/ije/dyq190.
Chandola, T., Deary, I.J., Blane, D., & Batty, G.D. (2005). Childhood IQ in relation to obesity
and weight gain in adult life: The National Child Development (1958) Study.
International Journal of Obesity, 30, 1422–1432. http://dx.doi.org/10.1038/sj.ijo.
0803279.
Deary, I.J. (2012). Looking for “system integrity” in cognitive epidemiology. Gerontology,
58(6), 545–553. http://dx.doi.org/10.1159/000341157.
Deary, I.J., Whiteman, M.C., Starr, J.M., Whalley, L.J., & Fox, H.C. (2004). The impact of
childhood intelligence on later life: Following up the Scottish mental surveys of
1932 and 1947. Journal of Personality and Social Psychology, 86(1), 130–147. http://
dx.doi.org/10.1037/0022-3514.86.1.130.
Deary, I.J., Strand, S., Smith, P., & Fernandes, C. (2007). Intelligence and educational
achievement. Intelligence, 35, 13–21. http://dx.doi.org/10.1016/j.intell.2006.02.001.
Deary, I.J., Batty, G.D., Pattie, A., & Gale, C.R. (2008). More Intelligent. More Dependable
Children Live Longer, 19(9), 874–881.
Deary, I.J., Penke, L., & Johnson, W. (2010). The neuroscience of human intelligence differ-
ences. Nature Reviews. Neuroscience, 11(3), 201–211. http://dx.doi.org/10.1038/
nrn2793.
Deary, I.J., Weiss, A., & Batty, G.D. (2010). Intelligence and Personality as Predictors of Ill-
ness and Death: How Researchers in Differential Psychology and Chronic Disease Ep-
idemiology Are Collaborating to Understand and Address Health Inequalities.
Psychological Science in the Public Interest, 11(2), 53–79. http://dx.doi.org/10.1177/
1529100610387081.
Der, G., Batty, G.D., & Deary, I.J. (2009). The association between IQ in adolescence and a
range of health outcomes at 40 in the 1979 US National Longitudinal Study of Youth.
Intelligence, 37(6), 573–580. http://dx.doi.org/10.1016/j.intell.2008.12.002.
Emery, C., Nancy, P., Svartengren, M., & G M. (1998). Longitudinal and genetic effects in
the relationship between pulmonary function and cognitive performance. Journal of
Gerontology, 53(B), P311–P317.
Farley, T. a., Dalal, M. a., Mostashari, F., & Frieden, T.R. (2010). Deaths preventable in the
U.S. by improvements in use of clinical preventive services. American Journal ofPreventive Medicine, 38(6), 600–609. http://dx.doi.org/10.1016/j.amepre.2010.02.
016.
Frederick, C. (2010). A crosswalk for using pre-2000 occupational status and prestige
codes with post-2000 occupation codes. CDE Working Paper No. 2010-03. A cross-
walk for using pre-2000 occupational status and P.
Gottfredson, L.S. (2004). Intelligence: Is it the epidemiologists' elusive “funda-
mental cause” of social class inequalities in health? Journal of Personality and
Social Psychology, 86(1), 174–199. http://dx.doi.org/10.1037/0022-3514.86.1.
174.
Haapanen, N., Miilunpalo, S., Pasanen, M., Oja, P., & Vuori, I. (1997). Agreement between
questionnaire data and medical records of chronic disease inmiddle-ages and elderly
Finnish men and women. American Journal of Epidemiology, 145(8).
Halkjaer, J., Holst, C., & Sørensen, T.I.A. (2003). Intelligence test score and educational
level in relation to BMI changes and obesity. Obesity Research, 11(10), 1238–1245.
http://dx.doi.org/10.1038/oby.2003.170.
Hart, C.L., Taylor, M.D., Smith, G.D., Whalley, L.J., Starr, J.M., Hole, D.J., et al. (2004). Childhood
IQ and cardiovascular disease in adulthood: Prospective observational study linking the
Scottish Mental Survey 1932 and the Midspan studies. Social Science and Medicine, 59,
2131–2138. http://dx.doi.org/10.1016/j.socscimed.2004.03.016.
Hart, C.L., Taylor, M.D., Whalley, L.J., Starr, J.M., Hole, D.J., Wilson, V., et al. (2003).
Childhoold IQ, social class, deprivation and their relationship withmortality andmor-
bidity risk in later life: Prospective observational study linking the Scottish Mental
Survey 1932 and the Midspan studies. Psychosomatic Medicine, 65, 877–883. http://
dx.doi.org/10.1097/01.PSY.0000088584.82822.86.
Hauser, R.M., & Warren, J.R. (1996). Socioeconomic indexes for occupations: A review, up-
date, and critique.
Hemmingsson, T., Melin, B., Allebeck, P., & Lundberg, I. (2006). Cognitive ability in adoles-
cence and mortality in middle age: a prospective life course study. International
Journal of Epidemiology, 35(January), 665–670. http://dx.doi.org/10.1093/ije/dyi321.
Hemmingsson, T., Melin, B., Allebeck, P., & Lundberg, I. (2009). Cognitive ability in adoles-
cence and mortality in middle age: a prospective life course study. Journal of
Epidemiology and Community Health, 63, 697–702. http://dx.doi.org/10.1136/jech.
2008.079160.
Herrnstein, R., & Murray, C. (1998). The bell curve: Intelligence and class structure in
American life. New York: The Free Press Retrieved from http://www.rasmusen.org/
xpacioli/bellcurve/bellcurve.htm.
Ishihara, M., Yukimura, Y., Aizawa, T., Yamada, T., Ohto, K., & Yoshizawa, K. (1987). High
blood pressure as risk factor in diabetic retinopathy development in NIDDM patients.
Diabetes Care, 10(1), 20–25.
Jencks, C. (1979). Who gets ahead? The determinants of economic success in America. New
York: Basic Books.
Jokela, M., Batty, G.D., Deary, I.J., Gale, C.R., & Kivimäki, M. (2009). Low childhood IQ and
early adult mortality: The role of explanatory factors in the 1958 British Birth Cohort.
Pediatrics, 124, e380–e388. http://dx.doi.org/10.1542/peds.2009-0334.
Jokela, M., Elovainio, M., Singh-Manoux, A., & Kivimäki, M. (2009). IQ, socioeconomic sta-
tus, and early death: The US National Longitudinal Survey of Youth. Psychosomatic
Medicine, 71, 322–328. http://dx.doi.org/10.1097/PSY.0b013e31819b69f6.
Kajantie, E., Räikkönen, K., Henriksson, M., Leskinen, J.T., Forsén, T., Heinonen, K., et al.
(2012). Stroke is predicted by low visuospatial in relation to other intellectual abili-
ties and coronary heart disease by low general intelligence. PloS One, 7(11)http://
dx.doi.org/10.1371/journal.pone.0046841.
Kanazawa, S. (2013). Childhood intelligence and adult obesity. Obesity, 21(3), 434–440.
http://dx.doi.org/10.1002/oby.20018.
Kuh, D., Ben-Shlomo, Y., Lynch, J., Hallqvist, J., & Power, C. (2003). Life course epidemiol-
ogy. Journal of Epidemiology and Community Health, 57, 778–783. http://dx.doi.org/10.
1136/jech.57.10.778.
Kuh, D., Shah, I., Richards, M., Mishra, G., Wadsworth, M., & Hardy, R. (2009). Do child-
hood cognitive ability or smoking behaviour explain the inﬂuence of lifetime socio-
economic conditions on premature adult mortality in a British post war birth cohort?
Social Science & Medicine, 68(9), 1565–1573. http://dx.doi.org/10.1016/j.socscimed.
2009.02.006.
Lampe, F.C., Walker, M., Lennon, L.T., Whincup, P.H., & Ebrahim, S. (1999). Validity of a
self-reported history of doctor-diagnosed angina. Journal of Clinical Epidemiology,
52(1), 73–81. http://dx.doi.org/10.1016/S0895-4356(98)00146-2.
Lawlor, D. a, Clark, H., Davey Smith, G., & Leon, D. a. (2006). Childhood intelligence,
educational attainment and adult body mass index: Findings from a prospective co-
hort and within sibling-pairs analysis. International Journal of Obesity, 30(12),
1758–1765. http://dx.doi.org/10.1038/sj.ijo.0803330.
Lawlor, D. a., David Batty, G., Clark, H., McIntyre, S., & Leon, D. a. (2008). Association of
childhood intelligence with risk of coronary heart disease and stroke: Findings
from the Aberdeen Children of the 1950s cohort study. European Journal of Epidemi-
ology, 23, 695–706. http://dx.doi.org/10.1007/s10654-008-9281-z.
Lindgarde, F., Furu, M., & Ljung, B. (1987). A longitudinal study on the signiﬁcance of en-
vironmental and individual factors associated with the development of essential hy-
pertension. Journal of Epidemiology and Community Health, 41, 220–226.
Lubinski, D. (2009). Cognitive epidemiology:With emphasis on untangling cognitive abil-
ity and socioeconomic status. Intelligence, 37(6), 625–633. http://dx.doi.org/10.1016/
j.intell.2009.09.001.
Marioni, R.E., Penke, L., Davies, G., Huffman, J.E., Hayward, C., & Deary, I.J. (2014). The total
burden of rare, non-synonymous exome genetic variants is not associated with child-
hood or late-life cognitive ability. Proc Biol Sci, 281(1781), 20140117. http://dx.doi.
org/10.1098/rspb.2014.0117.
Marmot, M. (2002). The inﬂuence of income on health: Views of an epidemiologist.
Health Affairs, 21(2), 31–46. http://dx.doi.org/10.1377/hlthaff.21.2.31.
Marmot, M. (2004). Status syndrome: How your social standing directly affects your health
and life expectancy. London, UK: Bloomsbury.
32 C. Wraw et al. / Intelligence 53 (2015) 23–32Marmot, M., Smith, D., Stansfeld, S., Patel, C., North, F., Head, J., et al. (1991). Health in-
equalities among British civil servants: The Whitehall II study. The Lancet, 337, 1387.
McLoyd, V.C. (1998). Socioeconomic disadvantage and child development. The American
Psychologist, 53(2), 185–204. http://dx.doi.org/10.1037/0003-066X.53.2.185.
Mottus, R., Murray, C., Wolf, M., Starr, J., & Deary, I. (2014). Towards understanding the links
between health literacy and physical health. Health Psychology, 33(2), 164–173.
Murray, C., Johnson,W., Wolf, M.S., & Deary, I.J. (2011). The association between cognitive
ability across the lifespan and health literacy in old age: The Lothian Birth Cohort
1936. Intelligence, 39(4), 178–187. http://dx.doi.org/10.1016/j.intell.2011.04.001.
O'Toole, B.I., & Stankov, L. (1992). Ultimate validity of psychological tests. Personality
and Individual Differences, 13(6), 699–716. http://dx.doi.org/10.1016/0191-
8869(92)90241-G.
Paile-Hyvärinen, M., Kajantie, E., Räikkönen, K., Henriksson, M., Leskinen, J.T., Laaksonen,
I., et al. (2009). Intellectual ability in early adulthood and type 2 diabetes in later life.
Acta Diabetologica, 46(3), 249–252. http://dx.doi.org/10.1007/s00592-009-0102-y.
Palmer, P., Hartke, D., Ree, M.J., Welsh, J.R., & Valentine, L.D. (1988). Armed Services Voca-
tional Aptitude Battery (ASVAB): Alternate forms reliability (forms 8, 9, 10, and 11). (San
Antonio Texas).
Reeve, C.L., & Basalik, D. (2014). Is health literacy an example of construct proliferation? A
conceptual and empirical evaluation of its redundancy with general cognitive ability.
Intelligence, 44(1), 93–102. http://dx.doi.org/10.1016/j.intell.2014.03.004.
Resnick, B., & Parker, R. (2001). Simpliﬁed scoring and psychometrics of the revised 12-
item Short-Form Health Survey. Outcomes Management for Nursing Practice, 5(4),
161–166.
Richards, M., Strachan, D., Hardy, R., Kun, D., & Wadsworth, M. (2005). Lung function and
cognitive ability in a longitudinal birth cohort study. Psychosomatic Medicine, 67,
602–608. http://dx.doi.org/10.1097/01.psy.0000170337.51848.68.
Sapolsky, R. (2005). The inﬂuence of social hierarchy on primate health. Science,
308(5722), 648–652.
Schmidt, F.L., & Hunter, J. (2004). General mental ability in the world of work: Occupa-
tional attainment and job performance. Journal of Personality and Social Psychology,
86(1), 162–173. http://dx.doi.org/10.1037/0022-3514.86.1.162.Schmidt, M., Johannesdottir, S.A., Lemeshow, S., Lash, T.L., Ulrichsen, S.P., Botker, H.E., &
Sorensen, H.T. (2013). Cognitive test scores in young men and subsequent risk of
type 2 diabetes, cardiovascular morbidity, and death. Epidemiology, 24(5), 632–636.
Silventoinen, K., Modig-wennerstad, K., & Tynelius, P. (2007). Association between intel-
ligence and coronary heart disease mortality: A population-based cohort study of
682361 Swedish men. European Journal of Cardiovascular Prevention and Rehabilita-
tion, 14(4), 1741–8267.
Starr, J., Taylor, M., Hart, C., Smith, G., Whalley, L., Hole, D., et al. (2004). Childhoodmental
ability and blood pressure at midlife: Linking the Scottish Mental Survey 1932 and
the Midspan studies. Journal of Hypertension, 22, 893–897.
Ware, J., Kosinski, M., & Keller, S.D. (1996). A 12-Item Short-Form Health Survey:
Construction of scales and preliminary tests of reliability and validity. Medical Care,
34(3), 220–233. http://dx.doi.org/10.2307/3766749.
Weiss, A., Gale, C.R., Batty, G.D., & Deary, I.J. (2009). Emotionally stable, intelligent men
live longer: the Vietnam Experience Study. Psychosomatic Medicine, 71(4), 385–394.
Welsh, J., Kucinkas, S., & Curran, L. (1990). Armed Service Vocational Battery (ASVAB):
Integrative review of validity studies. San Antonio Texas.
Whalley, L.J., & Deary, I.J. (2001). Longitudinal cohort study of childhood IQ and survival
up to age 76. BMJ, 322, 1–5. http://dx.doi.org/10.1136/bmj.322.7290.819.
Wilkinson, R., & Marmot, M. (2003). Determinants of health the solid facts.World Health,
2, 1–33. http://dx.doi.org/10.1016/j.jana.2012.03.001.
Wolf, M.S., Curtis, L.M., Wilson, E. a H., Revelle, W., Waite, K.R., Smith, S.G., et al. (2012).
Literacy, cognitive function, and health: Results of the LitCog study. Journal of
General Internal Medicine, 27(10), 1300–1307. http://dx.doi.org/10.1007/s11606-
012-2079-4.
Zagorsky, J.L. (2007). Do you have to be smart to be rich? The impact of IQ on wealth, in-
come and ﬁnancial distress. Intelligence, 35, 489–501. http://dx.doi.org/10.1016/j.
intell.2007.02.003.
